Abstract -In general, polycrystalline silicon is used as the material of solar module for a general photovoltaic power system. In the summer, the temperature of solar module remains over 60 degrees C for a long time in daytime. It is known that the conversion efficiency of the solar module remarkably drops because of the temperature rise. It is possible to keep the conversion efficiency high by watercooled equipment in photovoltaic power system. Furthermore, the cooling water can store heat energy from the solar module, so that a large amount of hot water can be produced. The results show that the water-cooled equipment has been effective in photovoltaic power system for a year.
Introduction
Photovoltaic (PV) power generation has attracted attention as a renewable energy. Recently, large-scale PV power generation is called Mega Solar; it is interested as an energy alternative to nuclear power generation and it is being built in Japan. In general, polycrystalline silicon is used as the material of solar module for a general photovoltaic power system. The output of the solar module is evaluated at 25 degrees C; the conversion efficiency is around 15 to 20 percent in polycrystalline silicon. In the summer, the temperature of solar module remains over 60 degrees C for a long time in daytime. Sometimes the temperature of it exceeds 80 degrees C or more. It is known that the conversion efficiency of solar module remarkably drops because of the temperature rise.
It is possible to keep the conversion efficiency high by water-cooled equipment in photovoltaic power system. Furthermore, the cooling water can store heat energy from the solar module as a result of its cooling; a large amount of hot water can be produced. The results show the watercooled equipment has been effective in photovoltaic power system for a year. Fig. 1 shows the schematic image of the experimental apparatus. In this experiment, two solar modules were used to compare the power generation properties. The solar module NE-100CN is produced by SHARP Corp. It is made from polycrystalline silicon. One solar module was placed in general state on the roof. The other improved solar module was set up cooling water on the rear side of it. The water-cooled equipment can supply cooling water, store up to 20 liters and drain the water after cooling. Generated electric power was calculated from current and voltage, their values were measured with two digital hitesters (3803, HIOKI E.E. Corp.) in each solar module. Temperature in each solar module was measured by using the thermometer (3650, HIOKI E.E. CORP.) attached to their surface side. Temperature of cooling water was measured by a thermocouple (copper-constantan thermocouple, OKAZAKI MANUFACTURING Company) and its temperature data is stored on personal computer through the mobile data logger (MX100, YOKOGAWA ELECTRIC CORP.), which is connected with local area network. Cooling water was replaced by bath pump (NP-5, NAKASA CORP.).
Experimental Equipment

Experimental Method
Comparison of power generation properties and temperature properties before using water-cooled equipment
Before the water-cooled equipment was used, power generation properties and temperature properties were measured in each solar module.
Comparison of power generation properties and temperature properties by using water-cooled equipment in the summer
In the summer, power generation properties were measured by using thermometer. The properties of solar module with water-cooled equipment were compared with the properties of normal solar module. In the same way, temperature properties were measured in each solar module by using thermometer. In the same time, temperature properties of cooling water were measured by using thermocouple. When the temperature of the cooling water exceeds 40 degrees C, the cooling water was drained to the tank for drainage. The flesh cooling water was supplied to the rear side of solar module.
Comparison of power generation properties and temperature properties by using water-cooled equipment in the winter
In the winter, power generation properties and temperature properties were measured in the previous experiment.
Experimental Result
4.1 Result of power generation attribute and temperature attribute before using water-cooled equipment Fig. 2 shows the result of power generation properties and temperature properties before using water-cooled equipment in the winter. It says that the temperature properties of two solar module were approximately equivalent. However, in the result of power generation properties, the electric power of solar module for using water-cooled equipment was slightly lower than that of another solar module.
Fig. 2. Result of power generation properties and temperature
properties before using water-cooled equipment. Fig. 3 shows the result of power generation properties and temperature properties in the summer. This experiment was conducted on September 16, 2009. At first, the cooling water was supplied at 9:00 in the rear side of solar module. After that, when the temperature of cooling water exceeds 40 degrees C, the cooling water was replaced with flesh cooling water. In this experiment, the cooling water was replaced three times, at past 11:00, at about 13:00 and about 15:00. Finally, it was drained out at 17:00.
Result of power generation and temperature properties by using water-cooled equipment in the summer
Immediately after the cooling water was supplied, the temperature of solar module with water-cooled equipment dropped dramatically. After that, the temperature of solar module increased gradually according to the temperature of cooling water. The temperature of solar module with watercooled equipment was lower than that of normal solar module in almost all day, because the temperature to refresh cooling water was set to 40 degrees C.
In the power generation properties, the electric power of solar module with water-cooled equipment was higher than that of normal solar module almost all day long. However, the electric power dropped for seven minutes while the cooling water was refreshed. Since it took about seven minutes to drain the cooling water and to supply fresh cooling water, the temperature of solar module increased under the process. As a result, this experiment enables us to keep conversion efficiency high. It was confirmed that the water-cooled equipment was effective. The temperature of cooling water was 24 degrees C when the cooling water was supplied to water-cooled equipment at first. Then it increased gradually and reached 40 degrees C about every two hours. Hot water of 40 degrees C was produced 60 litters per one solar module in a day. As a result, this experiment suggests that there is some possibility of the use of heat energy in the summer. properties by using water-cooled equipment in the summer.
Result of power generation properties and temperature
properties by using water-cooled equipment in the winter Fig. 4 shows the result of power generation properties and temperature properties in the winter. This experiment was conducted on February 3, 2010. At first the cooling water was supplied at 8:00 in the rear side of solar module. However, the temperature of cooling water was not reached 40 degrees C for a day. The cooling water was never refreshed and ended up being drained at 17:00.
The temperature of solar module with water-cooled equipment was slightly lower than that of normal solar module in the morning. Then its temperature increased gradually according to the temperature of cooling water. On the contrary, its temperature was slightly higher than that of normal solar module after 14:00.
In the power generation properties, the electric power of solar module with water-cooled equipment was almost the same as that of normal solar module almost all day long in the winter. The temperature of cooling water was nine degrees C when the cooling water was supplied to water-cooled equipment at first. Then it increased gradually and rose at its maximum 26 degrees C past 13:00. After that, the temperature of cooling water decreased slightly and its temperature dropped till 15 degrees C at the end of the experiment. Hot water of 40 degrees C could not be produced but the temperature of cooling water was able to increase by using the water-cooled equipment in winter. properties by using water-cooled equipment in the winter. Table 1 shows the comparison of total power consumption and the thermal energy in the summer. The total power consumption of solar module with water-cooled equipment was about three percent higher than that of normal solar module. Furthermore, the thermal energy was calculated the amount of hot water and temperature difference of cooling water between supply and drainage. It is found that the water-cooled equipment is able to get large amounts of heat energy from the solar module in the summer.
Consideration
The power consumption of bath pump to supply cooling water is 9.6 Watts. In this experiment, it took two minutes to supply the flesh cooling water per one exchange. The bath pump was driven four times for a day. As a result, total power consumption was estimated about 1.28 Wh. Its value was very small compared to the gain of electrical energy by water cooling. Therefore, the way of storing the cooling water on the rear side of solar module led to saving the total power consumption. Table 2 shows the comparison of total power consumption and the thermal energy in the winter. The total power consumption of solar module with water-cooled equipment was almost the same as that of normal solar module.
The thermal energy was calculated the amount of hot water and temperature difference of cooling water in the same way as the previous experiment. But as the cooling water never reached 40 degrees C, the temperature difference was used between temperature of supplied cooling water and maximum temperature of cooling water in a day. As the result, it is found that the amount of heat energy by using the water-cooled equipment was about one third compared to that in the summer. Hot water 40 degrees C was not able to get water-cooled equipment in the winter. However, we were able to get large amounts of heat energy from the rear side of solar module by using water-cooled equipment. It is expected that the combining heat pump with water-cooled equipment in photovoltaic power system may be assistance to make hot water.
Conclusions
The purpose of this study is to keep conversion efficiency high by water-cooled equipment in photovoltaic power system. One solar module was placed in general state on the roof. The other improved solar module was set up cooling water on the rear side of it. The water-cooled equipment can supply cooling water, store up to 20 liters and drain the water after cooling.
The total power consumption of solar module with watercooled equipment was about three percent higher than that of normal solar module in the summer. Furthermore cooling water can get heat energy from the solar module as a result of its cooling. A large quantity of hot water can be produced in the summer.
In the power generation properties, the electric power of solar module with water-cooled equipment was almost the same as that of normal solar module almost all day long in the winter. Hot water 40 degrees C was not able to get water-cooled equipment in the winter. However, it is expected that the combining heat pump with water-cooled equipment in photovoltaic power system may be assistance to make hot water. 
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